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In spite of the large number  of observations  which have been made
by investigators  during the past 60 years, there are still differences  of
opinion as to the changes which occur in the protein concentration in
the plasma in nephritis and allied conditions.  In this paper is reported
a series of observations  on the albumin and globulin concentration in
the plasma of patients  with nephritis, some of whom have been under
observation for prolonged periods.  An attempt is made to determine
the relationship of these changes  to edema and proteinuria, and to the
clinical type of the disease.
In  1836  Bright  (1),  describing  those  cases  of  edema  and  albuminuria  since
called by his name, wrote: "If the blood is drawn, it is often buffed, or the serum
is milky and opaque; and nice analysis will frequently detect  a great deficiency  of
albumen."  This  deficiency  of  total  serum  protein  has  since  been  repeatedly
noted.  After Hammarsten  (2)  in 1878 introduced  a method for salting out the
globulins, Csatiry (3) noted that the deficiency affected  the serum albumin more
than it did the globulins, so that the albumin:  globulin ratio, normally  1.5 or 2.0,
fell below  1.  Csatiry quotes Mya and Viglezio  (4) as having already noted this
fall in the A/G ratio in nephritis, diabetes, and pneumonia.  With the progressive
refinement  of methods,  the effects  of various factors on the  serum proteins  have
been the  object  of many investigations  (5-13)  which  have been reviewed up to
1916 by Rowe  (10).
In 1912  and 1913  Epstein (14,  15)  published analyses of the plasma proteins in
a number of diseases.  A series of normal plasmas showed total protein contents of
6.4 to 8.1 per cent, with A /G ratios of 1.2 to 2.3.  He found a very marked reduc-
tion  in  the  total  concentration  and  the A/G  ratio  in  chronic parenchymatous
nephritis,  but very little change  in  chronic interstitial  nephritis.  In  1917  (16)
and  1922  (17)  he  found that  these  changes were  extreme in  those  cases  which
could  be  differentiated  from  true  glomerulonephritis,  and  for  which  Friedrich
Miiller  (18)  in 1905 proposed  the name nephrosis.  He attributed the edema to
the fall in osmotic pressure of the plasma consequent upon its low protein content.
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Kahn (19),on the other hand, in  1920,  failed to find low figures for the plasma
proteins  in  twenty-three  cases  of  chronic  parenchymatous  nephritis,  although
sixteen  of them had great  edema.
Method Employed in This Investigation.-Our  determinations  were  made upon
oxalated plasma.  The blood was drawn  from the antecubital veins with as little
stasis as possible, the patient having breakfasted 2 to 3 hours before, and remaining
in bed until after the bleeding.  For the analysis of the proteins the micro Kjeldahl
method of Howe  (20) was employed.  Analyses were made in duplicate, sometimes
in triplicate.  Satisfactory  checks  were  obtained  in  all  the results reported.
In Table I are shown the results obtained from the analysis of seven
normal plasmas.  With one exception,  L.D., they agree with the older
figures  from the literature,  and with  the recent  ones  of  Epstein  (14,
15),  but they are a little lower  than  the figures  Rowe  obtained with
the refractometer.  In  a  certain  number  of  cases  the  proteins  were
estimated  both by Howe's method and by means of the refractometer.
The results are presented in Table II and show definitely higher figures
for  the refractometric  method.  The  first  determination  on  Subject
L.D.  showed  that occasionally  wider variations  may occur in healthy
people  than is commonly supposed.
Classification  of  the  Patients Studied.-In grouping  our  patients
with  nephritis  we  have  adopted  as  a  basis  the  classification  and
terminology  of  Volhard  and Fahr  (21).  They  are  therefore  divided
into  three  groups;  namely,  nephrosis,  diffuse  glomerulonephritis,
(divided  into  two subgroups),  and  nephrosclerosis.
The characteristic  features of the nephrosis group are the tendency to extreme
edema  and  large serous  effusions,  the passage  of a scanty urine  of high  specific
gravity  containing  much  protein and  many casts,  but  no blood,  the  absence  of
anemia, of increased  blood pressure,  of retinal hemorrhages  and  exudates,  and of
any  considerable or permanent increase of non-protein nitrogen in the blood.  The
blood  urea  nitrogen is  sometimes  abnormally  low  in chronic  cases.  This  group
together  with  the  nephrotic  subgroup  of  glomerulonephritis  includes  all  the
cases  formerly  classed  together  under  the  heading  of "large  white"  kidneys.
Histologically  there  is  conspicuous lipoid  degeneration  of  the  tubules  with a
deposit  of lipoids  in  the  interstitial tissue;  some of this lipoid material  is doubly
refracting.  The changes  in  the  glomeruli  are slight  and most  of  the glomeruli
remain unaffected.  There are no vascular  lesions.
In the group  of glomerulonephritis  the characteristic  features  are raised blood
pressure; protein,  blood,  and casts  in  the urine; and  more or less  severe anemia.
Edema frequently occurs but may be absent.  In acute cases which are effectively
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TABLE  I.
Protein Determinations  in  the Plasma of Normal Individuals.
Globulin.  Total  Ratio of albumin  Non-protein
protein.  to globulin.  nitrogen.
gi. per  gin. per  g.  per  g.  per
100C.  100 cc.  100.  100 CC.  100 cc.
L.R.  4.51  2.45  6.96  1.8  0.017
L.  D.
Jan.  24,  1923.  3.36  2.26  5.62  1.5  0.030
Mar.  12, 1923.  4.08  2.76  6.84  1.5  0.017
S.N.  4.10  2.60  6.70  1.6  0.025
N.L.  4.11  2.89  7.00  1.4  0.018
S.N.  4.22  2.80  7.02  1.5  0.020
B.S.  4.90  2.55  7.45  2.0  0.014
O.P.  3.62  2.60  6.22  1.4  0.018
Average ......  4.11  2.61  6.73  1.6
TABLE II.
Comparison of Determinations of the  Plasma Proteins by  Kjeldahl Method and
Refractometric  Method.
Case.  Total protein by Kjeldahl.  Total protein by refractometer.
gm. per 100 cc.  gm. per 100 cc.
M.L.  7.5  7.0
H.D.  5.6  6.4
L.Y.  4.1  5.1
K.G.  6.9  8.3
H.L.  7.1  7.6
R.H.  7.0  7.1
R.N.  7.3  8.4
K. R.N.  7.6  8.4
K. F.N.  6.6  7.6
Average ...............  6.6  7.3PLASMA  PROTEINS  IN  NEPHRITIS
NEPHROSIS.
Stage  I.
(a)  Acute.
(b)  Transitional.
Stage II.
Stage III.
FOCAL  NEPHRITIS.
DIFFUSE  GLOMERULONEPHRITIS.
Stage I.  Acute.
Stage II.
(a)  Glomerulotubular.
(b)  Vascular-interstitial.
Stage III.
(a)  Glomerulotubular.
(b)  Vascular-interstitial.
NEPHROSCLEROSIS.
Stage  I.  (Benign.)
Stage II.  (Malignant.)
Characteristic  symptoms.
EDEMA.
Great  edema  and  serous  effu-
sions.
Serous  effusions  and  slight
edema.
Slight edema and small effusions
with tendency to relapse.
HEMATURIA.
HYPERTENSION.  CARDIOVASCU-
LAR HYPERTROPHY.
Transient.
Slight.
Moderate.
Slight or moderate.
Extreme.
EXTREME  HYPERTENSION  AND
CARDIOVASCULAR  HYPERTRO-
PHY.
Extreme  (180-220  mm.).
Very extreme  (200-300).
Classification  of Nephritis
Symptoms characteristically absent.
HYPERTENSION.
Retinitis.
Hematuria.
Anemia.
HYPERTENSION.  EDEMA.
Renal edema.
Anemia,  hematuria,  renal
edema.
Renal edema.
890
I￿
- -
------LINDER,  LUNDSGAARD,  AND  VAN  SLYKE
(Volhard and Fahr).
Renal function.
Other features.
Blood urea nitrogen.  Phthalein output.  Dilution and concentration test.
Slight increase.  Moderately  low.  Dilution  impaired;  con-
centration good.
REDUCTION  OF  PLASMA  PRo-
Normal  or low.  Normal.  TEIN  WIT  TYPICALLY  LOW
Normal.  A/G  RATIO.
Normal or low.  Normal.
Increased.  ?  Concentration  impaired;
dilution retained.
NORMAL.  NORMAL.  NORMAL.
REDUCED.  Low  PLASMA  PROTEINS  (Not
typical of III (b)).  ANEMIA.
Transient increase.  Reduced.  Temporary  impairment;  Edema  (Not typical  of II  (b),
dilution more impaired.  or III(b)).
Normal or hyposthenuria;  Retinitis.
Usually  moderately  Normal or moder-  concentration  more
increased.  ately reduced.  impaired;  dilution well
preserved.
Moderately in-
creased.  Greatly reduced or  Isosthenuria.  Dilution  Uremia.
Extremely  in-  absent.  affected last.  Marked retinitis.
creased.
AGE  AND  HISTORY.  RETINAL
HEMORRBAGES  AND  ARTE-
RIOSCLEROSIS.
Normal.  Normal.  Normal  or  hyposthe-
nuria.
Increased,  often  Reduced.  Isosthenuria.  Marked retinitis.
greatly.
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treated at an earry stage healing is the rule, but under less fortunate circumstances
the condition  passes  into a subacute or chronic  stage in  which complete recovery
is no longer possible.  In  these persistent  cases retention  of non-protein nitrogen
in the blood,  impairment of response  to tests of renal function, and the condition
of isosthenuria  sooner or later  supervene,  and  retinitis  and  uremia  are frequent.
Volhard  subdivides  these  cases  into  two subgroups,  the  glomerulotubular,  or
nephrotic, and the  vascular-;nterstitial.
In the  glomerulotubular  subgroup  the increase  of blood  pressure  and  cardiac
hypertrophy  are  moderate,  and  the  tendency  to  edema  and  serous  effusions  is
considerable;  post  mortem  a  "large  white"  kidney  is  usually  found  showing
histologically  well marked  lesions in  the glomeruli  and  the tubules.  Death  from
intercurrent  infections  is frequent,  and of the patients who  escape this fate many
in  the  course  of  time lose  their  tendency  to renal  edema,  and  develop  greater
cardiovascular  changes  and renal  insufficiency,  associated  with a secondary  con-
traction of the kidneys.  In a few of them, however, edema of renal origin persists
even during the terminal stage.
In the vascular-interstitial  subgroup  the increase of blood pressure and  cardiac
hypertrophy  are conspicuous  and  the tendency to edema of purely renal origin  is
slight  and  frequently  absent.  In  the kidneys  there are  lesions in  the glomeruli
and the smallest arteries, with interstitial infiltration, and in long standing cases the
kidneys  are white and  contracted,  the "small  white"  kidney.  This  type occurs
less  frequently.  The  onset  is  often  insidious  and  the  victim  frequently  comes
under medical  care  only when his  eyesight  fails  from retinitis or  from weakness
or vomiting when uremia is imminent.
The nephrosclerosis  group comprises those  cases in which  the primary lesion is
in the vessels  of the kidneys, although  at a later stage  the picture may be com-
plicated  by  heart  failure  and  a  true  glomerular  inflammation.  The  dominant
clinical  features  are  the  great  increase  in blood  pressure  and  the great  cardiac
hypertrophy.  In the  early  stages  the signs  of renal  disease may  be  completely
lacking, proteinuria  may be absent and is often scanty, and renal function  is nor-
mal.  In the final  stages inflammatory glomerular  lesions occur  and true uremia
very frequently supervenes.
Our  series  included  fourteen  cases  of  glomerulonephritis  of  which
eleven were of the glomerulotubular variety.  These all showed edema
at some  time during the period  of observation; its degree varied  from
slight  puffiness  of  the  face  and  pitting  over  the  shins  to  extreme
anasarca  with serous  effusions.  There  were  three cases of  the vascu-
lar-interstitial  type,  and  on  two  of  these  postmortem  examinations
were made.  In both we found the diffuse fatty lesion of  the smallest
arteries  of  the  kidneys and  other  organs  which  Evans  (22)  has  de-
scribed  as  "diffuse  hyperplastic  intimal  sclerosis."  Evans  finds
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diffuse  hyperplastic  sclerosis  in the intimate vasculature  not only of
the kidney but of the spleen, pancreas,  or other organs in all  cases in
which  at  autopsy  there  is  considerable  cardiac  hypertrophy  in  the
absence of primary  heart or lung disease.  He reports  cases in which
glomerular  and interstitial inflammation  without this diffuse vascular
lesion produced  extremely contracted  kidneys but these cases showed
no elevation of  blood pressure during life and no cardiac hypertrophy
at autopsy.  He considers  that marked elevation of the blood pressure
is the clinical  expression of diffuse hyperplastic intimal sclerosis.
There  were  five  cases  of  nephrosis  among our  patients.  Three  of
them  were  acute  cases in which  complete  recovery  occurred,  but in
one  the condition  was very mild and  another  was  studied  only  dur-
ing  the  stage  of  recovery.  The  remaining  two  were  chronic  cases.
Five  cases  of  nephrosclerosis  were  studied,  and  two  cases  of  func-
tional proteinuria,  which  presented  none  of  the symptoms of  renal
disease and gave normal responses  to tests of renal function.
The details  of the patients  are presented in Tables  III to VII and
Charts  1 to  5.  They show the course  of the main symptoms and  give
the figures  obtained  for the concentration  of proteins  in the plasma.
The results  of some  of  the tests  of renal  function are  included  in the
tables.  The tests we have  commonly employed  have been:
1. The determination of the blood urea and non-protein nitrogen, and creatinine.
2. The urea index (Austin, Stillman, and Van Slyke (23)).
3. The urea concentration  test  (Maclean and de Wesselow  (24)).
4. The iodide excretion  test (Linder (25)).
5. The "phthalein" excretion test.
6. The dilution and concentration  tests (modified from Strauss (26)).
Autopsies were obtained upon two of  the patients who died.  The
important findings are given below.
Case 12.-The heart  weighed  450 gm.  The kidneys  were  not contracted  and
weighed 290 gm. together.  The capsule was easily stripped from a finely granular
surface.  On section the differentiation  of the cortex and medulla was completely
obscured.  A few epithelial  crescents were found but lesions in the glomeruli were
inconspicuous.  There was  moderate  interstitial  inflammation.  Typical  diffuse
hyperplastic  intimal  sclerosis  was  found  in  the  kidneys,  spleen,  pancreas,  and
bladder.  Tubular  degeneration  was  advanced.  A Staphylococcus  aureus septi-
cemia  was present.
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CHART  1.  Case 1.  (Table III.)  Chronic  glomerulonephritis,  nephrotic  type.
In the upper sections are shown  the changes  in body weight,  edema,  and  concen-
tration of the plasma proteins.  In the bottom section the results of plasma volume
determinations are  recorded;  these are  discussed  in the following  paper  (Lindet,
G. C.,  Lundsgaard,  C., Van  Slyke, D. D., and  Stillman, E., J.  Exp. Med.,  192t,
xxxix, 921).
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Case  4.-The  heart  weighed  530  gin.  The  kidneys  were  contracted  and
weighed  190 gm. together.  The capsule was thick and adherent; the surface  was
reddish white and finely granular.  On section  the cortex  was narrow  but quite
distinct from the medulla.  Glomerular crescents were present but not numerous.
Fatty  degeneration  of  the  tubules  and  interstitial  inflammation  were  marked.
Diffuse hyperplastic  sclerosis  was  found  in  the  kidney,  spleen,  pancreas,  and
prostate.
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CHART3.  Case  8.  (Table III.)  Subacute glomerulonephritis.  nephrotic type.
Analysis  of  Results.-Glomerulonephritis, Nephrotic Type:  Eleven
cases  (Table  III).  Four  cases  were  studied  in  considerable  detail
for periods varying from 9 to  19 months, and seven were  studied  less
systematically  but the results  obtained  from  them help  to  complete
the picture.
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The protein  content of the plasma  was less  then 5.5 per cent in all
the  chronic  and  subacute cases  in  which  the  disease  was or  had re-
cently been active.  The patients showing higher  figures were  No.  9,
a convalescent from acute  glomerulonephritis,  who had at  the  begin-
ning  of  his  illness  edema,  which  had  disappeared  long  before  the
Oct.  Nov.  Dec.  Jan.  Feb. Mr. Apil
Ka
80
0  75-~  5
Bu  70
Edemaxceseet-
Per
a.  a  cent
9  |4  --
o  4
'11sP ~4,00
CHART 4.  Case  15. (Table V.)  Acute nephrosis.
observations were  made on his plasma, and Nos. 4 and 7, chronic cases
in a stage of arrest with considerable permanent impairment, in which
the proteinuria had fallen to a small  amount.  In the remaining  eight
cases protein  contents  of  5.5  to  3.5  per  cent  were  observed.  All  of
these  had had  some  degree  of  edema  during  their illness,  but many
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low concentrations  were  found at times  when no edema  was present,
and  no  constant  connection  between  changes  in  the  proteins  and
changes in the degree  of edema was defined.  In some patients (Nos.
1, 2,  5,  and  8)  the lowest  figures  were  found  when  the  edema  was
increasing or at its greatest.  In No. i, 3 months after the subsidence
of edema, the protein concentration was practically unchanged  (Chart
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CHART 5.  Case 16. (Table V.)  Chronic nephrosis.
1).  In No. 3 the protein which  initially was but moderately reduced
fell to a lowerlevel after the edema had gone.  In No. 2 there occurred
a persistent decrease in the concentration  of the plasma proteins dur-
ing  the period from May  to October in spite  of  the development  of
edema in June  and its elimination  in July and August.  The increase
of edema  in November  was associated with a rise in the plasma pro-
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TABLE
Cases of Glomerulonephritis,
Case No.
Age.
Date of initial symptom.
No.  1 (J. D.).
Male.
14 yrs.
May,  1922.
No. 2 (H. L.).
Male.
10 yrs.
Apr.,  1921.
* During period of urea feeding maximum urea in urine 2.1 per cent.
Date of
observation.
1922
May 20.
June 7.
July  10.
Sept. 27.
Nov. 2.
1923
Jan.  5.
Mar. 9.
Oct. 26.
Nov. 24.
"  26.
Dec.  1.
1922
May 11.
June 20.
"  23.
July 20.
Sept.  21.
Oct.  17.
Nov. 3.
Dec.  7,
1923
Feb. 20.
Blood;
pressure.
140/76
120/80
124/84
124/74
116/70
120/66
120/66
130/70
105/55
130/66
122/55
160/110
132/90
132/94
130/90
130/92
115/85
120/90
134/94
150/?
Urea  index.
10D
BV VW
45
43
43
28
37
38
36
10
49
29
20
25
25
25
13
20
Blood  urea
nitrogen.
gin. per liter
0.21
0.28
0.19
0.20
0.26
0.20
0.15
0.23
0.53
0.55
0.69
0.18
0.27
0.40
0.36
0.29
0.86*
0.44
0.32
0.46
Pbthalein
2 hrs.
per cent
45
68
50
41
46
42
39
30
Body weight.
kg.
50.4
39.0
38.8
36.1
36.8
38.2
41.6
42.4
45.5
42.4
40.8
29.9
32.2
32.8
31.6
29.7
30.2
31.0
29.4
28.8
1_1￿ l ￿
--- - .
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.ephro
Nephrotic Type.
Edema.
Ascites.
Hydrothorax.
General  edema.  Ascites.
Hydrothorax.
Very slight edema.
Pretibial pitting.
No edema.
it  "t
Very  slight  pretibial  pit-
ting.
No edema.
Slight edema.
Absent.
Face puffy.
Ascites.  Hydrothorax.
Edema.
Decreasing edema, etc.
Slight edema and ascites.
Increasing  ascites.
Ascites  and  hydrothorax.
Slight edema.
Slight pretibial edema.
Absent.
Protein
in urine.
gm. per
Z4 hrs.
3.2
4.0
8.5
3.9
4.0
4.4
7.1
12.8
5.1
4.4
3.9
3.1
3.8
2.8
6.6
5.8
4.2
4.0
Hematuria.
+++
+++
+++
++
+
+
+
(+)
+
+
±
+
+
+
+
±
Plasma proteins in
ginm.  per 100 cc.
1.6
2.3
1.93
2.00
2.23
2.66
2.27
2.03
1.61
1.72
1.69
3.3
1.65
1.58
1.83
1.82
1.86
2.49
2.04
1.96
0
2.1
1.8
2.13
1.93
2.29
2.00
2.32
2.34
2.06
2.32
2.38
1.95
2.94
2.68
2.25
2.32
1.96
2.51
1.51
3.22
C
-4
0.76
1.28
0.91
1.03
0.97
1.32
0.97
0.87
0.78
.04 U .14
0.73
1.7
0.56
0.59
0.81
0.78
0.95
0.99
1.35
0.61
0 I-,
3.7
1.1
1.06
3.93
1.52
4.66
4.59
4.37
3.67
4.02
5.25
4.59
4.26
1.08
1.14
3.82
5.00
3.55
5.18
Diagnosis.
Remarks.
Chronic glomerulonephritis.
Chart 1.
After  disappearance  of  the
edema the case  was remark-
able  for  persistent  hema-
turia.  The  impairment  of
renal function was moderate,
but  changes  in  the  fundi
appeared during 1923.
Urine  urea  after  urea  feeding
2.2 per cent Aug. 27,  1922.
Iodide  excretion  40  per  cent
Feb. 20,  1923.
Readmitted  Nov.  24,  1923,
with  acute  streptococcal
sepsis; died on  Dec. 4,  1923.
Autopsy:  large  white  kid-
neys; moderate glomerulone-
phritis  with marked  tubular
degeneration;  no  vascular
sclerosis.  Heart:  290 gm.
Chronic  glomerulonephritis.
Chart 2.
No retinal disease.
From June 8 to 29 there  was a
period  of  increasing  edema,
the weight rising to 34  kilos.
From July to Aug.  this edema
was eliminated.  Weight  29
kilos.
From Sept.  12 to Oct. 30 there
was a second period  of  in-
creasing  edema.  Weight
31.3 kilos.
From Nov. to  Apr.  there  was
steady  improvement  as  far
as the edema was concerned.
d
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Case No.
Age.
Date of initial symptom.
No.  3 (J. O'M.).
Male.
14 yrs.
Sept.,  1922.
No. 4  (H. M.).
Male.
7 yrs.
Dec.,  1919.
No. 5  (S. L.).
Male.
17 yrs.
Oct.,  1921.
No. 6 (I. O.).
Male.
35 yrs.
Nov.,  1921.
No. 7  (M. H.).
Female.
17 yrs.
Sept.,  1921.
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TABLE  III
Date of
observation.
1922
Oct.  13.
Nov. 3.
Dec.  21.
1923
Jan.  23.
Mar. 6.
June 2.
July 21.
1922
Apr. 10.
Sept. 25.
1923
Apr. 3.
1922
Apr. 5.
Nov.  17.
1923
Mar. 22.
Dec.  26.
Apr.  13.
1922
Apr. 28.
July 17.
Blood
pressure.
115/70
98/50
114/65
112/65
112/65
126/65
138/74
104/65
95/65
112/74
140/70
150/90
150/115
218/140
170/100
140/80
140/80
Blood  urea
nitrogen.
ginm.  per liter
0.43
0.34
0.27
0.15
0.28
0.28
0.405
0.397
0.38
0.38
0.32
0.50
0.42
0.43
0.37
Urea index.
10D
B  VW
25
27
28
42
22
28
29
31
22
14
13
21
20
Phthalein
2 hrs.
per cent
51
45
15
14
22
8
42
Body weight.
kg.
43.6
41.2
40.1
41.8
44.0
45.4
48.0
18.1
17.3
19.0
62.0
62.7
66.0
65.3
49.0
47.8
￿ ￿--- ----
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--Continued.
Edema.
Ascites.
Hydrothorax.
Moderate  edema,  decreas-
ing.
No edema Oct.  23, 1923.
Absent.
cc
Puffiness of  ankles.
Absent.
Marked ascites.
No edema or ascites.
Absent.
Considerable anasarca.
Absent.
Protein
in urine.
gm. per
24 hrs.
3.6
2.0
2.2
2.6
4.1
(3.0/,,o
(5 .0/o.o
Trace.
0.3
1.3
3.0
3.0
4.4
5.0
0.8
0.7
Hematuria
+++
+
+
++
Absent.
Few
r.b.c.
Absent.
+
+
(+)
(+)
+
++ ++
Plasma proteins in
gm. per  100 cc.
0
.M An
2.63
2.87
2.84
2.85
2.99
2.98
2.15
4.06
1.06
1.06
1.84
2.56
2.05
2.93
.2
i.80
.0
.d
o
2.54
2.4
1.92
1.67
1.9
2.32
2.04
3.44
3.46
3.76
2.27
2.46
3.03
2.45
.2
.25
.3
a
5.17
5.3
4.71
4.52
4.9
5.3(
4.1
7.5(
7.5
7.82
1.11
5.01
5.08
5.38
5.4
7.05
5.3
1.03
1.15
1.48
1.71
1.55
1.28
1.05
1.18
1.17
1.08
0.81
1.04
0.68
1.19
0.70
2.1
1.74
Diagnosis.
Remarks.
Chronic glomerulonephritis.
Admitted  Oct.  8,  1922.
Weight  46.5  kilos.  Anemia
marked;  57  per  cent  Hb,
3,400,000 r.b.c. in Feb., 1923.
Iodide  excretion  28  per  cent
Feb.  20,  1923.
Urine  urea  after urea  feeding
1.3  per cent Mar.  6,  1923.
Chronic  glomerulonephritis.
No  retinitis.
These examinations were made
at late and inactive  stage  of
the disease.
Chronic glomerulonephritis.
Very  great  edema.  Initial
weight 85 kilos.
Marked isosthenuria.
Chronic glomerulonephritis.
Outpatient,  not  further
studied.
Chronic glomerulonephritis.
Admitted with slight edema  of
face in Nov.,  1921.
l l  l
l
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Case No.
Age.
Date of initial symptom.
No.  8 (M. F.).
Female.
25 yrs.
Oct., 1922.
No.  9 (W. K.).
Male.
11  yrs.
Dec.,  1921.
No.  10 (S. Ly.).
Male.
15 yrs.
Mar.,  1922.
No.11 (I. C.).
Male.
44 yra.
Apr., 1921.
TABLE  III
Date of
observation.
1923
T  -. C
Jall.  o.
"  12.
Feb. 2.
"  13.
Mar. 1.
9.
Apr. 10.
May 23.
July  13.
1924
Mar. 5.
1922
Apr. 28.
1923
Jan. 4.
"  22.
"  26.
Mar. 16.
June  14.
1922
Apr.  25.
Blood
pressure.
205/138
174/122
168/110
160/100
136/90
148/100
160/100
170/110
144/92
115/81
96/60
106/55
152/90
150/100
160/98
155/100
110/70
Blood urea
nitrogen.
g.  per  ier
0.46
0.80
0.545
0.49
0.53
0.55
0.64
0.63
0.97
0.08
0.064
0.28
0.26
0.22
0.35
0.31
Urea index.
1OD
B  VW'
13
7.5
7.6
9.2
7.5
7.9
6.8
10.0
7.2
153
141
20
22
21
16
28
Phthalein
2  hrs.
per cni
,8.5
32
26
9
59
5
7
50
Body weight.
kg.
65.8
62.0
54.8
50.9
45.7
47.9
47.6
48.2
50.5
50.1
40.0
55.2
40.0
39.5
40.0
42.8
53.1
￿
l -
- -
z=___
-
- I￿
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-Conchded.
Edema.
Ascites.
Hydrothorax.
Very marked  and general
edema.  Hydrothorax.
Diminishing rapidly.
No  edema.  No  hydro-
thorax.  Feb. 17,  1923.
recurrence.
,sent.
9'
Slight.
Protein
in urine.
gm. pfr
24 hArs.
2.7
7.6
11.0
8.0
6.0
4.0
4.0
5.0
(3 .0/o)
(1.5/o)
Trace.
Absent.
3.3
5.4
4.5
5.0
Hematuria.
lI
++
+
+
++
+
++
+
Few
r.b.c.
Very few
r. b.c.
Few
r.b.c.
Absent.
(+)
(+)
(+)
(+)
(+)
Plasma proteins in
gm. per 100 cc.
A , R
2.3(
2.1(
2.1:
2.12
2.7(
2.46
2.17
2.3C
2.92
3.6E
1.20
4.18
2.32
2.77
2.54
2.33
3.10
2.30
2.97
3.26
3.27
3.49
3.2C
2.94
2.73
2.95
2.89
2.75
2.08
2.08
1.75
2.61
2.54
1.76
0
5.13
5.39
5.39
6.25
5.66
5.11
5.03
5.87
5.57
5.95
5.26
4.40
1.52
5.15
4.87
L.86
.5 o
,
.
1.0
0.73
0.65
0.6
0.7
0.77
0.74
0.84
0.99
1.27
1.53
2.00
1.11
1.58
1.01
).92
1.76
Diagnosis.
Remarks.
Subacute  glomerulonephritis.
Chart 3.
Albuminuric  retinitis.  In-
creasing anemia.
Relapses  on Feb. 3 and Mar. 9
with bloody urine.
Iodide  excretion  8  per  cent
May 9, 1923.
Urea  concentration  test  0.6
per cent May 22,  1923.
Acute  glomerulonephritis.
Admitted  in  Feb.,  1922.  In
stage of recovery.
Urea concentration test 1.6 per
cent Jan. 4,  1923.
Subchronic  diffuse  glomeru-
lonephritis.
Onset  with  headaches  and
vomiting.  Ascites and para-
centesis in May.  No retinal
lesions.  Slight  hyposthe-
nuria.
Chronic  diffuse  glomerulone-
phritis.
Admitted  Mar.  9,  1922,  with
general  anasarca.  Weight
61.2 kilos.  Fundi healthy.
. ---------
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teins  (Chart  2).  In  Case  8  the  increased  concentration  of  protein
accompanying  and following the elimination  of edema  was not main-
tained, and later fell almost to the initial level without any recurrence
of edema  (Chart 3).  In No. 5 there was a definitely increased protein
concentration  after absorption  of  the edema,  but there  had been  an
equally  marked improvement  in his nutrition  and general  condition.
After  2 years  and  3  months  hypertension  was  present,  presumably
associated  with hyperplastic sclerosis and a contracting kidney.  Nu-
trition was practically normal.  The protein concentration had slightly
increased, but only to 5.38 per cent.
In all these cases of low protein concentration in the plasma the loss
of protein in the urine was considerable,  amounting to from 2 to 5 gm.
or  more  daily.  Reversely,  when  the  plasma  proteins  were  within
normal limits, the protein  loss in  the urine  was  small, 0.8 gm.  a day
or less.
The reduction  of  the plasma albumin  was greater than that of the
plasma  globulin,  which varied  comparatively  little, consequently  the
A/G ratio  was  found to be below 1.4.  The exceptions  were  Cases  7
and 9 already referred to as having a normal totalprotein concentration,
and Case 11, in which the reduction appears to have affected the globu-
lins chiefly.  A/G ratios of 0.8 or 0.6 were not infrequent and occurred
with edema as in Cases 1,  2, 6, and 8 and without edema, as in Nos. 1,  2,
5,  and 8.
The  low A/G ratios occurred in the more  severe  cases, Cases  2,  5,
and  8.  These  patients  presented  greater  edema  than  some  of the
others,  but they showed  as  well  a greater increase  in the blood urea
and blood pressure.  In none  of  them  was the passing of the stage of
edema  and the entry upon that of  nitrogen retention associated  with
a return of the A/G ratio to normal.  Cases 4 and 8 had made a very
substantial  recovery,  however,  to  1.18  and  1.27  respectively,  during
the period  covered by this study,  so that it seems probable that after
a  more  prolonged  period  the  recovery  may  be  complete.  The  low
A/G ratios  in  these  cases were associated  with  high globulin con-
centrations.
In one acute case, No. 9, and one chronic case, No.  7,  a completely
normal condition of the plasma proteins was found in convalescence.
Glomerulonephritis,  Vascular  Type:  (Table  IV).  Three  cases  of
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ILINDER,  LUNDSGAARD,  AND  VAN  SLYKE9
this  condition were studied during the final stage of their illness, and
in two of them a postmortem examination was made.  In all of them
the  total  concentration  of  proteins  in  the plasma  remained  normal
until a few days before  death, but in Cases  13 and  14  a terminal  fall
to about 5.5  per cent did occur  before death.  In Case  12  the figures
show a  rapid  fall in  the concentration  of  albumin,  but the globulin
concentration  increased  to  a  small  extent;  the  total  therefore  fell
considerably  although it remained  within  the normal  limits  till the
end.  Case  14 too showed  a definite  increase in the  globulin concen-
tration.  As a consequence  the A/G ratio was reduced.
The figures  for the protein in the urine probably do not adequately
represent  the  loss  of  protein  by  this  route.  Rose  Bradford  (27)
observed  that,  although  the  concentration  of  protein  in  the  urine
might be moderate or small in these cases, yet on account of the poly-
uria the loss of protein was greater  than in other varieties  of Bright's
disease.  In our  cases the polyuria was failing,  and probably  the  loss
of protein observed was not  so large as it had been before  this failure
occurred.
Nephrosis: Five  cases  (Table V).  Two  of these  were severe  and
typical  and  were  studied  in detail.  In the four patients  (Cases  15,
16,  17,  and  19)  observed  during the stage of edema  and marked pro-
teinuria,  there was reduction of the total protein concentration in the
plasma, which was slight in the mild acute case,  No.  17,  but was well
marked  in the three  severe  cases.  In No.  15  the protein concentra-
tion was  4 per  cent  when  the edema  was  greatest,  and it remained
unchanged  until after  the striking elimination  of edema  which ended
about December  6.  2 weeks later the concentration had increased  to
5 per cent, and after the fall  of proteinuria to a trace, it rapidly rose
to normal  (Chart 4).  The  observations  on  No.  18  were obtained  in
the stage of advanced recovery and showed the same return to normal.
In  Case  16  the initial  elimination  of  a small amount  of  edema  was
observed;  after  a  period  of  well-being  this  was  followed  by  one  of
slowly  increasing  fluid  accumulation.  The  protein  concentration
rose from 4.5  to  5.0 per cent.  With the sudden formation  of pleural
and peritoneal  effusions  in March,  the proteins  fell  to  4.35  per cent.
This fall continued to a minimum of 3.6 per cent in spite of slight clini-
cal improvement.  Under  thyroid  therapy  the patient  began  to im-
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prove  rapidly  and  the  effusions  were  quickly  absorbed;  the  protein
concentration  rose  to just over 4 per  cent  (May  14 and 23).  In an
attempt  to  increase  this  concentration,  a  diet  containing  100  gm.
protein, 30 gm. fat, and 300 gm. carbohydrate was given from May 26
to June  4,  during  which  period  he  gained  1.5  kilos in weight.  The
protein was then increased  to  140 gm. daily, 3.9 gm. per kilo of body
weight, and this diet was continued until June 15.  During this period
he was not so well as during the period  ending May  26, when he was
getting 80 gm. of protein daily.  He gained in weight and his abdomen
increased  in  size  and  contained  a  little  free fluid.  Associated  with
this  there was  an  actual  fall in the plasma  protein  concentration  to
3.77  per cent.  With a return  to diet of 80  gm. protein daily the pa-
tient improved  generally  and  the  signs  of  ascites  disappeared.  The
protein concentration,  however, 10 days later had not increased.  The
proteinuria  in  this  case  was  smallest  at  the  times  of  clinical
improvement.
The daily loss of protein in the urine of these  cases of nephrosis with
low protein  concentration  was roughly  the same  as that observed  in
similar  cases  of  glomerulonephritis.  Periods  of  clinical  improve-
ment coincided  with periods of low proteinuria.
The fall in the A/G ratio  was marked  in Cases  15,  16, and 19, par-
ticularly  in  the  last  two.  In  Case  16  the  decrease  of  albumin
accounted  for the entire  fall in the  plasma proteins,  and was  carried
to such a degree that figures of 0.99,  0.75, and 0.63 per cent were found
during  the  period  of  great  serous  effusions,  these  corresponding  to
A/G ratios  of 0.29, 0.26,  and 0.20.  With  absorption  of the effusions
the  A/G ratio remained  at 0.35.  On  no  occasion  was  a subnormal
figure for the globulins obtained.  In Case 15 we found similar but less
extreme  changes;  the variation in the albumin was 2.41  per  cent and
in the globulin 0.6 per cent.  In Case 19 there was in the first instance
a considerable fall in the albumin and a small fall in the globulin, and
as  the  disease  progressed  the albumin  concentration  steadily  dimin-
ished  while  the  globulin  increased.  The  A/G ratio fell  from  0.94 to
0.38.  A  considerable  period  elapsed  before  this  characteristic  pic-
ture was developed.
In  Cases  15  and  18  the process  of  recovery  in nephrosis  was well
demonstrated.
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Nephrosclerosis:  Five  cases  (Table  VI).  In  none  of  these  was
there any evidence  of  a true nephritis,  and in all  except No.  20 renal
function was good.  No.  21 had slight cardiac insufficiency and in No.
23 it  was conspicuous.  The  total protein  concentration  was  normal
in  all  of  them,  and  the  A/G ratio  was normal  with  one  exception.
Proteinuria was slight in all these cases.
Functional Proteinuria:-Two cases  (Table  VII).  Both these pa-
tients presented  a feeble  cardiovascular  system with sluggish periph-
eral  circulation,  and  an  unstable  nervous system.  In Case 25  the
proteinuria  was  discovered  at  examination  following  a  paroxysm
of  tachycardia.  The  protein  was  constantly  present  and  there  was
about ten  times  as much albumin  as globulin,  a result  differing from
those  obtained by  Mackenzie  Wallis  (28)  in similar  cases.  In Case
:26 traces of protein were found infrequently, but a reliable history of a
higher grade of proteinuria was obtained from her physician.  Neither
patient  showed  any sign of  renal insufficiency.  In both  the plasma
protein concentration was normal, but in Case 25 there was an increase
in globulin possibly to be accounted for by the chronic  sepsis  in  his
tonsils  (Rowe  (10)).
DISCUSSION  OF  RESULTS.
'The observations which are reported here agree with the conclusions
of most previous  workers  that in chronic  nephritis with edema,  that
is in nephrosis and the  nephrotic  type of glomerulonephritis,  there is
a great fall in the concentration of the proteins in the plasma, and that
this fall occurs more especially in the albumins;  consequently the A/G
ratio  falls below the normal  minimum of  1.4.  But it is also  apparent
from these figures that although this change occurred in all  cases with
edema, and although  the lowest figures  for the plasma protein concen-
tration were obtained  when some  edema  was present, yet the greatest
decrease in concentration did not correspond with the greatest edema,
and  a  very  considerable  decrease  was  compatible  with  absence  of
recognizable  edema.
The  hypothesis  has  been  repeatedly  advanced  that  the  cause  of
edema in nephritis is the decrease in the osmotic pressure of the plasma
which  in turn  is  due  to  the  small  amount  of protein in the plasma.
If  this were true it is probable that the lowest protein concentration  in
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the plasma would be found during the stages of increasing and of fully
developed  edema,  and that the first sign of a  change  for the better
would be a rise in the osmotic pressure of the plasma consequent upon
an increase  in the plasma proteins.  In  the results  reported  here  no
such  close  relationship  appeared.  Case  2  showed  no  connection
between  variations in  edema  and  variations  in plasma protein  con-
centration;  in No.  3  a lower  concentration  was present  in the later
stages after the edema had gone; No.  15 showed a trivial increase dur-
ing his great diuresis and elimination of edema, and a rapid  return  to
the normal  level at a later date; in No.  16 the concentration  was 3.6
per cent during a period of improvement (April 9), and 4.35 per cent at
the height of his edema  (March 22);  in No.  19 the total protein con-
centration varied  little, whether  edema  was present or absent.  The
conclusion,  therefore, is that there is no direct relationship of cause and
effect  between  the low protein  concentration  in the plasma  and  the
presence  and degree  of  edema.  That the passage of protein into  the
tissue  spaces in edema is the prime factor in producing the  decreased
concentration  of proteins  appears improbable.  In nephritis the con-
centration  of protein in the edema fluid  is small,  0.1  to 0.17  per cent
according  to Epstein  (29),  and  the proportion  of globulin is  high,  50
to  80 per  cent;  whereas  the loss of protein from  the plasma is large,
as we  show in a subsequent  paper,  and the protein most deficient  is
albumin.
The reduction of the A/G ratio was of similar degree in glomerulone-
phritis  of  the nephrotic  type and in acute nephrosis;  but in the  two
cases  of  chronic nephrosis,  Nos.  16 and  19,  this reduction  was  much
more pronounced.  This disturbance  of  the A/G ratio  depended  in
some instances  upon a relatively greater decrease  of albumin than  of
globulin, but in others an absolute increase in globulin  concentration
occurred  with  or without  a  decrease  in albumin.  In  Cases  4,  6,  8,
12,  14,  16,  18,  23,  and  25  the  globulin  concentration  was  definitely
higher than in normal persons;  an absolute increase  in globulin  con-
centration  was present.  Erben  (30),  1903,  found increases  of globu-
lin up to 7 per cent with decrease of albumin to  0.2 per cent, but his
results  were probably  faulty,  for  no other observer  has found figures
comparable  to  these.  It has  been  found  that  similar  increases  in
globulin  may occur in pneumonia,  syphilis,  and  other infections  and
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intoxications  (Rowe  (10),  Hurwitz  and  Whipple  (31))  as  well as in
disturbances  of metabolism  such as diabetes mellitus  (Epstein (14)).
Evidence  is steadily  accumulating  to show that nephritis is a disease
not merely  of the kidneys, but that it includes widespread  changes  in
remote  tissues  and fundamental  if still obscure  changes  in metabol-
ism.  The increase  in globulin may well be a phase of this metabolic
derangement.  Possibly  the  formation  of  plasma  globulins  is  the
primitive  form  of  plasma  protein  production,  and  the  organism  in
disease tends to return to  this primitive form;  the figures Halliburton
(13)  reported  for  cold  blooded  animals  give  a little support  to  this
speculation.
It is doubtless true that the loss of protein in the urine is an import-
ant factor in reducing  the concentration of the plasma proteins and in
disturbing  the A/G ratio.  In the great majority  of the patients with
proteinuria  exceeding  1 gm.  a day  there was  reduction  of  the total
concentration  and  the ratio.  Reversely,  in no instance did  the  con-
centration  remain persistently abnormal  in patients  losing  protein in
smaller amounts.  The  A/G ratio,  however,  was  low  in  some  cases
when the urine contained merely a trace of protein and when the total
concentration  of protein in the plasma was unchanged  (Cases 4,  18,  23,
25).  Similarly when  the proteinuria  diminished  in Case  18  and  the
plasma  protein  concentration  returned  to  normal  the A/G  ratio did
not do  so for a considerable  period.  No systematic  study was made
of the A/G ratio in the urine of these patients, but in the few determina-
tions made the amount of albumin  was many times greater  than that
of  globulin,  agreeing  with  the  findings  of  Hoffmann  (32) and Wallis
(28); the greater loss of albumin in the urine is presumably an import-
ant factor  in the greater  decrease  of  albumin  in the blood.  On  the
other  hand  loss  of protein  in  the  urine  cannot  explain  the  absolute
increase  in  globulin  concentration  referred  to  above,  and  closer
examination  of the figures  shows that this increase in globulin  was the
chief reason for the persistence  of the low A/G ratio in Cases 4, 18,  23,
and 25.  In Case  12 we found a combination  of high proteinuria with
a normal plasma protein concentration; in the last days of this patient's
life anuria was present, and this was  associated with a rapid fall in the
concentration  of the plasma  albumin  and a slight rise in that  of  the
globulin.  These  observations  cannot  be  explained  on  the  basis  of
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proteinuria  nor  by  the  assumption  that  a  hydremic  plethora  had
occurred.  In Case  8 the plasma proteins  reached  a concentration  of
6.2  per  cent in spite of a high  grade of proteinuria.  Loss  of protein
in the urine, therefore, is insufficient to explain by itself the  changes we
have  observed.
A correlation  of  tubular degeneration  with edema  and low  plasma
protein  concentration  is  unsatisfactory.  Fatty  degeneration  of  the
tubules is the conspicuous feature of the histological picture in nephro-
sis  and it is well marked in the nephrotic  type of  glomerulonephritis.
It may, however, be equally apparent in the vascular type of glomeru-
lonephritis;  in Cases  12  and 14  there were advanced  fatty changes  in
the tubules.
The diet is probably  a secondary  factor of  some importance in the
fall of  the total protein concentration  and  of  the A/G  ratio;  the low
protein  diet so  frequently given  to all cases  of proteinuria  may well
have a deterrent effect on the adequate production of plasma proteins,
especially  when associated  with a considerable  loss of proteins in the
urine.  Kerr,  Hurwitz,  and  Whipple  (33)  observed  the  regeneration
of  the plasma  proteins  in dogs  after repeated  washings  of  the  blood
had  reduced  these  proteins  to a  very  low  level.  They  found  that
globulin was produced  more rapidly than albumin,  that  regeneration
was  faster  when  food  was given  than when  the animals  fasted,  and
that regeneration was faster when meat was given than when the diet
was restricted to bread and milk.  These observations  appear of con-
siderable importance in the treatment of nephritis.
An explanation  commonly  advanced  to account for  these decreases
in  the  concentration  of  the  plasma  proteins  is  that  a  condition  of
hydremic plethora exists in these  cases, and that  the fall in concentra-
tion is an index of  a latent  or internal  edema, an edema  of the blood
itself.  In a succeeding paper evidence is presented which shows that a
condition  of hydremic  plethora does  not occur  even in cases of great
edema  and that there is a definite  decrease in the absolute amount of
plasma proteins in the body.
It  appears probable,  therefore,  that two factors  are responsible  for
the changes  in  the plasma protein concentration  in nephritis.  They
are, first and more important, a disturbance in the mechanism of their
production consequent upon the nature of the  disease,  the presence  of
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infection or toxemia, and  dietary vagaries;  and second, the loss in the
urine  of  large  amounts  of  protein,  particularly  albumin.  Although
low  protein concentrations  and  edema  so frequently  occur  together,
their relationship is not a simple one of cause and effect;  they and the
increase  in blood lipoids are probably the  expression of an underlying
metabolic  disorder of a fundamental nature.
In  nephrosclerosis  and  in  two  cases  of  "functional  proteinuria"
no changes in the plasma protein concentration  or the A/G ratio  were
found.  The position in regard to "functional  proteinuria" is not clear,
for both our patients had but small amounts of  protein in the urine.
SUMMARY.
In  nephrosclerosis  (Volhard  and  Fahr  classification  of  nephritis)
there was no decrease  in the plasma proteins.  With heart failure the
ratio of albumin to globulin fell from the normal  1.7  0.3 to about  1.
There  is a sharp difference  between  the two  types of  glomerulone-
phritis in the  effect  on plasma proteins.  In  the vascular-interstitial
type  the  effect  was  the  same  as  in  nephrosclerosis.  There  was  no
decrease in the plasma proteins until shortly before death.
In the glomerulotubular  or nephrotic type, active or  recently active,
the  total  plasma  proteins  were  less  than 5  gm.  per  100  cc.  This
decrease  from  the  normal  5.5  to  7.5  occurred  whether  edema  was
present  or  absent.  The  decrease  affected  chiefly  the  albumin,  the
globulin  being  usually  diminished  but little,  and  sometimes  slightly
increased.  Consequently the ratio of albumin to globulin was reduced
to less than 1, and occasionally to 0.6.
In nephrosis similar changes were found in the total protein concen-
tration but in  severe  cases  the decrease  in albumin was  greater  than
in  nephrotic  glomerulonephritis  while  the globulin was  either  very
slightly reduced  or was increased.  The  albumin: globulin  ratio was
therefore lower than in nephrotic glomerulonephritis,  ranging down  to
0.26.
With  the disappearance  of edema  there was usually an increase  in
the  plasma  protein  concentration,  but  this  was  not  invariable,  and
concentrations  of 4.5 per cent or less were  compatible with the persist-
ent absence  of edema.  The ratio  of albumin to globulin showed  an
irregular  tendency  to  rise.  Whenever  the  total  concentration  was
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less than 4 per cent there was some  edema  present, but it was some-
times slight in amount.
With recovery  in acute  cases,  and remission  with decrease  of pro-
teinuria in chronic  cases,  normal concentrations  were regained.  The
albumin: globulin  ratio remained  low in  some instances  for a longer
period on account of an absolute increase in  globulin concentration.
In "functional  proteinuria"  no  change  in  plasma  proteins  was
found.
Low  plasma  protein  concentrations  were  always  associated  with
considerable  losses  of protein in  the  urine,  but  these losses  did  not
provide an explanation  for all our observations.  A disturbance in the
production  of the plasma proteins appears probable.
We  wish  to express  our thanks to Dr. A.  G. Branch for his  studies
of  the morbid  anatomy  and  histology  of  our  cases.
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